heumatoid arthritis (RA) is a painful, chronic, progressive inflammatory disease characterized by proliferative synovitis causing swelling and deformity of multiple joints. A variety of comorbid mood, anxiety, and sleep disorders, with an associated decline in healthrelated quality of life, are commonly found among adults with RA. [1] [2] [3] Sleep in particular can be severely impaired in those with RA. [4] [5] [6] [7] [8] Nearly 60% of RA patients report that their sleep is restless most of the time. 9 Compared to healthy controls, individuals with RA have been found to have reduced sleep efficiency, fragmented sleep, and impaired sleep quality. 10 The presence and severity of pain in RA and other chronic pain disorders has been found to be associated with sleep disruption. 10, 11 The exact nature of the connection between pain and sleep is unclear. Some studies suggest that chronic pain disrupts sleep, 12, 13 and other studies indicate that sleep deprivation can result in enhanced pain and hyperalgesia. 14 Recent evidence in normal subjects has provided support to the hypothesis that sleep disruption can influence the experience of pain. 15, 16 The amount of both slow wave sleep and time awake during the night has been found to be correlated with morning stiffness, pain, and joint tenderness in RA patients. 17 In a longitudinal investigation of RA patients, increased pain and morning stiffness were associated with increases in time spent in slow wave sleep, time spent awake, and time spent in non-rapid eye movement (REM) stage 2 sleep. 5 Despite the evidence for an association between sleep and pain, little is known about the effects of treating insomnia in patients with RA or other chronic pain conditions. In 1 study, cognitive-behavioral therapy (n = 32), compared to a waitlist control group (n = 29), improved sleep-onset latency, wake time after sleep onset (WASO), sleep efficiency, and sleep quality but not pain in those individuals with chronic pain of musculoskeletal origin (excluding primary fibromyalgia). 18 Nonsteroidal antiinflammatory drugs (NSAIDs) reduced pain but did not influence sleep parameters (total sleep time [TST] , sleep latency [SL] , REM latency, sleep efficiency, number of awakenings, REM sleep, non-REM sleep, wake within sleep, and time in stages 1, 2, 3, and 4) in RA patients. 19 Benzodiazepines are often prescribed for the treatment of insomnia and/or nonspecific pain complaints. 20 In 1 small study, 21 triazolam increased total sleep time but did not reduce SL or sleep fragmentation as measured by polysomnography. Interestingly, patients also reported shorter SL, fewer arousals, and longer sleep time, suggesting changes in patient perception of sleep. Improvements were noted in morning stiffness among RA patients treated with triazolam compared to placebo. 21 Eszopiclone is approved for the treatment of insomnia. It is a novel, single-isomer, nonbenzodiazepine hypnotic that interacts with γ-aminobutyric acid-A receptor subtypes containing the α 1 , 2 , 3 , and 5 subunits. Nightly administration improved sleep initiation, maintenance, duration, and quality, as well as daytime symptoms of insomnia including fatigue, daytime alertness, and ability to function for up to 6 months in patients with chronic primary insomnia. 22 Eszopiclone has also demonstrated sleep efficacy in patients with chronic insomnia and comorbid major depressive disorder, 23 generalized anxiety disorder, 24 and perimenopausal transition. 25 In these populations, improvements following eszopiclone treatment were also seen in assessments of the comorbid condition when compared with placebo.
The current pilot study assessed the efficacy and safety of eszopiclone 3 mg in adults with insomnia comorbid with RA. The effects of eszopiclone 3 mg on RA-related pain, joint stiffness, ability to function during the day, and health-related quality of life endpoints were also evaluated.
METHOD
Institutional review boards of participating institutions approved the protocol, and all patients provided written, informed consent before screening. The study was conducted in accordance with the standards of good clinical practice and followed guidelines and regulations established by the Declaration of Helsinki (1989) . The data were collected from February to November of 2004.
Patients
All study participants were informed about the study procedures before giving their signed consent. Patients were aged 25 to 64 years (inclusive) with a diagnosis of RA according to American College of Rheumatology (ACR) criteria and on stable doses of chronic RA medications for a minimum of 90 days prior to random assignment. Patients were required to meet Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria for insomnia and had a WASO ≥ 45 minutes and a TST < 6.5 hours at least 3 times per week for the previous month. The diagnosis of RA must have predated the onset of insomnia symptoms.
Patients taking disease-modifying medications (such as methotrexate, plaquenil hydrochloroquine and or sulfasalazine, gold salts, and d-penicillamine, azathioprine, and anti-tumor necrosis factor agents) at screening were allowed to continue those medications (with monitoring) during the study. Patients with a history of fibromyalgia or juvenile RA were excluded. Patients with insomnia related to known medical diagnosis (eg, sleep apnea) and diagnosed and untreated restless legs syndrome or periodic leg movement syndrome were excluded. Patients with undiagnosed or untreated cases of restless legs syndrome or periodic leg movement syndrome were not enrolled based on an actimeter assessment of periodic leg movements for 1 week during the single-blind run-in period of the trial.
Patients were excluded if they were taking any of the following medications within 7-30 days of the start of baseline: >10 mg prednisone (or equivalent); monoamine oxidase inhibitors; tricyclic antidepressants; serotoninnorepinephrine reuptake inhibitors or trazadone, nefazodone, bupropion, mirtazapine, tramadol, gabapentin or other anticonvulsant medications; benzodiazepines; any medication or herbal supplement known to affect sleep; or any narcotics or central nervous system active pain medications other than those listed as approved rescue medications. Selective serotonin reuptake inhibitors were CLINICAL POINTS ◆ Compared to healthy controls, individuals with rheumatoid arthritis have been found to have reduced sleep efficiency, fragmented sleep, and impaired sleep quality. ◆ In this pilot study of patients with insomnia comorbid with rheumatoid arthritis, eszopiclone 3 mg improved all assessed sleep and daytime function measures over the treatment period, as well as some measures of rheumatoid arthritis-associated pain, disability, and quality of life. ◆ The most commonly reported adverse events with eszopiclone were unpleasant taste and transient increases in rheumatoid arthritis symptoms.
allowed as long as the dose was stable for at least 30 days. In the event of an exacerbation of RA symptoms (postbaseline), the use of selected medications was allowed (disease-modifying medications; NSAIDs; any nonnarcotic pain medications including tricyclic antidepressants, tramadol, gabapentin, venlafaxine, or duloxetine; glucocorticoids; local steroid injections; over-thecounter analgesic medications; and topical ointments). The following narcotic medications were permitted to treat an exacerbation of RA symptoms: acetaminophen with codeine, hydrocodone, or oxycodone; aspirin with codeine; and aspirin and caffeine with propoxyphene. The use of narcotic pain medications was not to exceed 2 days per week, and the drugs had to be taken after completing the morning interactive voice response system (IVRS) assessments, could not be taken after 2 PM, and could not exceed 2 doses in 1 day or participants were discontinued from the study.
Study Design
This was a multicenter (43 US sites), randomized, double-blind, placebo-controlled, parallel-group study. Patients were screened for eligibility, and 5-14 days later, eligible patients were trained on the use of an IVRS. Throughout the study, the IVRS was used each morning to capture sleep patterns, daytime functioning, and RA symptoms. Patients first entered a 3-to 7-day, singleblind, placebo run-in period to establish baseline values and ensure compliance. In addition, an actimeter was used to identify undiagnosed or untreated periodic leg movement syndrome. After the run-in period, patients were randomly assigned to treatment with eszopiclone 3 mg or placebo at bedtime for 4 weeks. Patients returned to the clinic for an interim visit at week 2 and at week 4. After 4 weeks of treatment, patients completed a 2-week, single-blind, placebo discontinuation phase to assess possible rebound effects.
Study Endpoints
The following sleep endpoints were assessed via daily, morning IVRS: patient self-report of SL (defined as the number of minutes taken to fall asleep after bedtime), WASO (defined as the total number of minutes of wake time after initial sleep onset), TST (defined as the total number of minutes of sleep during the night), depth and quality of sleep (each rated on a scale of 0 [poor] to 10 [excellent]), and daytime function (daytime alertness, ability to concentrate, physical well-being, and ability to function, each scored on a 0-to 10-point scale with higher scores indicating better functioning). The severity of insomnia and its effect on daytime function was also determined with the Insomnia Severity Index (ISI), 26 a subjective assessment of the severity of nighttime and daytime insomnia symptoms administered at the end of the run-in period (baseline) and at week 2, week 4, and the end of the single-blind run-out period.
Assessments of RA disease state included duration of morning stiffness; current and previous day pain severity (rated on a 0-to 5-point scale: 0 = no pain, 5 = excruciating); the Arthritis Self-Efficacy Scale (ASES), 27 an assessment of patients' perceived ability to cope with the consequences of arthritis (rated on a scale of 0-10: 10 being best function and least pain) at baseline, week 4, and the end of the single-blind run-out period; ACR response criteria, 28 including limited 28-count joint assessments of swollen and tender joints; patient and physician global assessment; Subjective Pain Severity Assessment scale 29 based on an 11-point (0-10) Lichert scale at baseline and week 4; calculation of the percentage of patients with an increase in dose or a new prescription of pain medications; and calculation of the percentage of patients with an increase in dose or a new prescription of disease-modifying medication.
The 36-item Medical Outcomes Study Short-Form SF-36 General Health Survey, 30 a subjective assessment of 8 dimensions of health-related quality of life, was administered at baseline, week 4, and the end of the single-blind run-out period. The Health Assessment QuestionnaireDisability Index (HAQDI), 31 a subjective assessment of the subject's ability to perform and participate in selected activities of daily living over the last week, was administered at baseline and week 4.
Safety variables included spontaneously reported adverse events (AEs), 12-lead echocardiograms, clinical laboratory assessments, vital signs, and physical examinations. Potential withdrawal effects were evaluated by examining the prevalence of new or worsening AEs and any worsening of sleep relative to baseline values (rebound insomnia) that occurred during the single-blind placebo run-out period.
Statistical Analysis
The study was originally planned to include 440 subjects, but as a result of slow subject accrual, was changed to a pilot study, and the target sample size was reduced to 150. All significance tests for efficacy were changed to 1-sided tests, consistent with the exploratory nature of a pilot study. 32 This was the only change in analytic plan and was amended prior to patient unblinding, and all patients were treated according to the a priori study protocol. The study had approximately a 65% chance to detect a treatment difference of 0.185 between the 2 treatment groups on the log scale for WASO, assuming a standard deviation of 0.534 (based on previous studies 33 ), using a 1-sided test (α = .05). This difference corresponds to a 20% greater reduction in mean WASO for eszopiclone compared to placebo.
The analyses of all efficacy and safety endpoints were performed using the intent-to-treat (ITT) population. The ITT population included all subjects who were randomized and received at least 1 dose of double-blind study medication. The single-blind washout population included all randomized subjects who completed the double-blind treatment period and received at least 1 dose of singleblind study medication during the washout period. All analyses of rebound and withdrawal were performed using the single-blind washout population.
The primary sleep endpoint was subjective WASO during week 1, defined as the average of the daily WASO values obtained via IVRS during the first week of doubleblind treatment. No imputation methods were used for missing data. The primary analysis utilized an analysis of variance based on the ranked data, including terms for treatment and site as fixed effects. Supportive secondary sleep efficacy endpoints included WASO (except the week 1 average, which was the primary endpoint), TST, SL, depth of sleep, quality of sleep, daytime alertness, ability to concentrate, physical well-being, and ability to function. These secondary endpoints were defined in the same manner as for WASO, and the double-blind average was defined as the average of all values obtained during the double-blind treatment period.
In addition, the change from baseline to week 1, 2, 3, and 4 and the double-blind average were also analyzed for each of the subjective sleep and daytime efficacy endpoints using an analysis of covariance (ANCOVA) model with treatment and site as fixed effects and baseline as the covariate. Values for WASO and SL were log transformed prior to the analysis, and medians are reported because they best represent central tendency of log-transformed data.
Secondary endpoints including ISI, ASES, SF-36, physician clinical global impressions of treatment, and ACR response criteria (number of swollen joints, number of tender joints, subject global assessment, physician global assessment, subject pain severity assessment, HAQDI, and C-reactive protein) were analyzed using ANCOVA for change from baseline. Because these secondary endpoints were intended to provide supportive information for this pilot study, no adjustment for multiplicity was applied, and the results should be interpreted accordingly.
During the discontinuation phase, the occurrence of rebound insomnia was examined. A Wilcoxon-signed rank test was performed for each treatment group to assess whether the distribution of the change from baseline was centered at zero. Between-group comparisons were performed on these change-from-baseline variables using the same method as for the primary analysis. Between-group comparisons were also performed using an ANCOVA model.
RESULTS

Patient Disposition
A total of 210 patients were screened for study inclusion, and 153 patients were randomly assigned to treatment and received double-blind study drug; 142 patients (92.8%) completed the study. There were 7 discontinuations in the placebo group (3 due to AEs, 1 due to protocol violation, 1 due to voluntary withdrawal, and 2 due to lack of efficacy) and 4 in the eszopiclone group (2 due to adverse events and 2 due to voluntary withdrawal). Demographic characteristics and disease severity (including disease-modifying medication use) at baseline were not significantly different between the 2 treatment groups, although both the percentage of males (18.4% vs 7.8%, P = .054) and the mean duration of morning stiffness were higher in the placebo group than in the eszopiclone group (110.8 min vs 82.9 min, respectively, P = .074) ( Table 1) .
Sleep Outcomes
The primary outcome measure, WASO, was significantly lower in the eszopiclone group when compared with placebo (medians: 20.0 min vs 40.0 min with placebo, P < .0001, Figure 1A ) for the first week of treatment. The results were similar for SL during week 1 (medians: 27.0 min vs 43.8 min with placebo, P = .0003, Figure 1B) , and TST was significantly higher relative to placebo (medians: 402.0 min vs 364.7 min with placebo, P < .0001, Figure 1C ) in the eszopiclone group during the first week. Significantly better improvement in the eszopiclone group when compared with placebo for sleep quality (medians: 7.5 vs 5.9 with placebo, P < .0001, Figure 1D ) and depth of sleep (medians: 7.3 vs 5.8 with placebo, P < .0001, Figure 1E ) was also observed during the first week in this study. Eszopiclone treatment also significantly (P < .05) improved the change from baseline in WASO, TST, SL, depth of sleep, and quality of sleep for every week relative to placebo. In addition, at week 4, eszopiclone 1, 2, 3, and 4 a a Analysis of covariance change from baseline vs. placebo. *P < .05. **P < .01. ***P < .0001. treatment significantly improved the change from baseline in WASO (P < .01), TST (P < .0001), SL (P < .01), depth of sleep (P < .0001), and quality of sleep (P < .0001) compared to placebo.
For all daytime functioning measures, mean scores with eszopiclone were significantly higher (better functioning) compared with placebo for the double-blind average (all P values < .05) (Figure 2 ). Treatment with eszopiclone also resulted in significantly higher scores for mean daytime alertness and ability to function at every time point compared with placebo (all P values < .05, data not shown). Similarly, results for mean change from baseline showed significant treatment group differences for ability to function and daytime alertness at all assessed time points and the double-blind average, for physical well-being at week 2, and for ability to concentrate at weeks 2 and 3 and the double-blind average (all P values < .05, data not shown).
Treatment with eszopiclone significantly improved the ISI total score compared with placebo at both week 2 (means: 8.5 for eszopiclone vs 12.5 for placebo) and week 4 (means: 8.5 vs 11.9) (all P values < .05). At week 4, there were significantly more eszopiclone-treated patients (47.9%) with no clinically significant insomnia (ISI total score ≤ 7) than placebo-treated subjects (30.4%, P = .033). Additionally, ISI "extended" items of sleep quality (mean change for eszopiclone = 1.30, placebo = 0.43, P < .0001), feeling refreshed/rested (0.79, 0.42, P = .0013), daytime fatigue (-1.08, -0.46, P = .0002), relationship enjoyment (-0.74, -0.38, P = .02), and nights per week sleep difficulties (-2.49, -1.16, P = .0008) were significantly improved with eszopiclone compared to placebo.
Quality of Life and RA-Related Outcomes
At week 4, the eszopiclone group showed significantly greater improvement in 2 of the 8 domains of the SF-36 (role physical and bodily pain) compared with the placebo group (P < .05, Table 2 ). No significant differences between treatments were observed in the other SF-36 domains. One of the 8 domains of the HAQDI (activities) showed significantly greater improvement with eszopiclone compared with placebo (P < .05, Table 2 ). No significant differences between treatments were observed in the other HAQDI domains.
There was significantly (P = .05) greater improvement in the overall ASES change from baseline at week 4 with eszopiclone compared to placebo. This finding was driven primarily by significantly greater improvement in the pain-related scores ( Table 2 ). The Subjective Pain Severity Assessment scale also showed significantly greater improvement from baseline to week 4 with eszopiclone compared to placebo (P < .05). There were significantly greater reductions from baseline in tender joint counts at week 4 with eszopiclone relative to placebo (P = .03). However, swollen joint counts were not significantly different between the treatment groups.
Eszopiclone-treated patients did not have a larger decrease in morning stiffness compared with placebotreated patients (P = .8). Nor were there significant differences between eszopiclone and placebo for the subject global assessment score, ACR-based physician global assessment score, C-reactive protein level, or overall HAQDI score at week 4. No significant differences in the percentages of patients with an increase in dose or with a new prescription for either pain or disease-modifying medications were observed between treatment groups.
Single-Blind Placebo Run-Out Period
Patients were studied for an additional 2 weeks after discontinuation of treatment to assess potential rebound effects. There was a small, transient increase in WASO on days 1 and 3 of the run-out period, but these increases were not significantly greater than baseline. WASO values in the eszopiclone group were below baseline from day 4 to the end of the study ( Figure 3A) . Similarly, after a transient decrease in TST on day 1 of the run-out period, which was significantly lower than baseline (P = .01), TST values in the eszopiclone group were at or above baseline thereafter ( Figure 3B ). Sleep latency was significantly below baseline throughout the run-out period (P < .05: week 3, week 4, and double-blind average) (Figure 3C) . Adverse events occurring after eszopiclone discontinuation included 3 patients with increased symptoms of RA (3.9%) and 2 patients with tremor (2.6%); no other events occurred in more than 1 patient.
Safety Outcomes
Overall AE rates (Table 3) were 67.5% in the eszopiclone group and 60.5% in the placebo group. The most frequently reported AEs in eszopiclone-treated patients were unpleasant taste (27.3%) and increased PSYCHIATRIST.COM symptoms of RA (18.2%) versus 0% and 9.2% in placebotreated patients, respectively. The proportion of subjects with AEs assessed by the investigator as related to treatment was similar between treatment groups with the exception of headache (7.8% in the eszopiclone group and 3.9% in the placebo group), pharyngitis (5.2% and 0%), and unpleasant taste (27.3% and 0%). The incidence of other clinically relevant central nervous system AEs was low in both the eszopiclone and placebo groups (Table 3) .
There were 2 serious AEs during the trial, 1 in each treatment group, that were judged by the investigator as not related to study drug. An event of severe chest pain occurred in an eszopiclone-treated patient 3 days after completing the double-blind treatment period (during the single-blind placebo run-out period). After the patient was admitted to a hospital, cardiac causes were ruled out, and the chest pain was judged to be musculoskeletal in etiology. There was no medication change, and the patient completed the study. One placebo-treated patient was diagnosed with papillary transitional cell carcinoma of the bladder 5 days after starting doubleblind placebo treatment. Three placebo-treated patients (3.9%) had AEs leading to discontinuation (lupus erythematosus, bladder carcinoma, and heart palpitation). One eszopiclone-treated patient (1.3%) discontinued because of unpleasant taste.
DISCUSSION
The results of this preliminary study suggest that nightly treatment with eszopiclone 3 mg in patients with insomnia comorbid with RA resulted in significant improvements in self-reported measures of sleep induction, maintenance, duration, depth, and quality and daytime insomnia symptoms, whether measured by telephone diaries or by the validated ISI in the clinic, compared to placebo. PSYCHIATRIST.COM While there were no treatment differences in most of the SF-36 domains, patients treated with eszopiclone reported significant improvement in the role physical and bodily pain domains relative to patients treated with placebo. While these 2 SF-36 domains have previously been found to be sensitive to change in patients with RA, 34 the difference observed in this study could have been due to an unexplained deterioration in the role physical items in the placebo group, rather than improvements in the eszopiclone group. In a 6-month study of nightly eszopiclone in patients with primary chronic insomnia who did not have RA, sleep and quality of life were consistently improved, but the SF-36 domains of vitality and social functioning showed the greatest improvements. 35 These results suggest that improvements in sleep perceptions may affect different aspects of quality of life depending on whether RA and chronic insomnia are both present or only chronic insomnia (without RA) is present.
Treatment group differences were found in the activities domain of the HAQDI and the pain and pain and other symptoms domains of the ASES. These results along with the improvements in SF-36 domains of bodily pain and role physical and the significant reduction in tender joint counts with eszopiclone suggest that improved perception of sleep with 4 weeks of eszopiclone treatment was associated with reduced perception of pain as measured using a variety of validated assessments. However, caution must be used when interpreting these secondary endpoints, as no adjustments were made for multiple comparisons.
Previous studies of the treatment of sleep problems in RA patients have yielded mostly discouraging findings. Nonsteroidal anti-inflammatory drugs (tenoxicam, diclofenac) helped with pain-related RA symptoms but did not improve sleep in RA patients. 19 Some early small pilot studies suggested the combination of a NSAID and benzodiazepine might be useful for both the pain and sleep disturbance in RA, 36, 37 but these results have not been confirmed in larger studies.
In a small study, a benzodiazepine receptor agonist showed improvements in sleep but did not show improvements in pain or other RA-related symptoms. 37 Moreover, conventional sleep assessments showed only small changes during treatment. Thus, the current findings are more encouraging based on improvements relative to placebo on both self-reported sleep parameters and pain-related measures (perception of pain, tender joint count, and ability to function).
Unlike previously published studies of eszopiclone in patients with primary insomnia 35, 38 or insomnia comorbid with depression, 23 generalized anxiety disorder, 24 or perimenopausal transition, 25 there was some evidence of rebound insomnia in the current study on the first night after discontinuation with respect to TST but not for SL or WASO. Further investigations of rebound insomnia in patients with RA are needed to determine whether these patients are differentially affected by eszopiclone discontinuation.
There was a higher incidence of AEs coded to "increased symptoms of rheumatoid arthritis" with eszopiclone treatment relative to placebo (18.2% vs 9.2%), which may be clinically relevant. In the current study, eszopiclone did not worsen patients' RA symptoms over 4 weeks of treatment, as the majority of AEs coded as increased symptoms of RA lasted < 48 hours, and all but 2 of the 21 events were assessed by the investigator as unrelated to treatment. Moreover, only 2 AEs required a change in treatment (1 in each treatment group), and none led to study drug discontinuation.
A number of limitations of this study are important to consider in interpreting the findings. First, this was a pilot study in which 1-sided significance levels were used, and there were no adjustments made for multiple comparisons for secondary endpoints. Second, the restrictions on use of concomitant medications may limit the generalizability of the findings to the full population of patients with RA. Third, the study duration was only 4 weeks; it remains to be seen whether a longer duration may yield larger benefit. Finally, no objective assessments of sleep or RA were conducted.
In summary, eszopiclone treatment compared to placebo resulted in statistically significant improvements in self-report measures of perceived sleep. Eszopiclone was also associated with statistically significant reductions in some pain parameters and measures of health-related quality of life (bodily pain and role physical), physical activities, and ability to function compared to placebo in patients with insomnia comorbid with RA. On the basis of these findings, future studies of eszopiclone in RA and other pain disorders with comorbid insomnia are warranted.
Drug names: azathioprine (Azasan, Imuran, and others), bupropion (Aplenzin, Wellbutrin, and others), diclofenac (Cambia, Cataflam, and others), duloxetine (Cymbalta), eszopiclone (Lunesta), gabapentin
